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EPICYCLIC GEARING. 


By R. McCragz, B.Sc. (Eng.), A.M.I.Mech.E. 


INTRODUCTORY. 


THE main advantage possessed by epicyclic gearing is that it pro- 
vides a means of obtaining very high reduction ratios in a very 
compact form and without the necessity of using small diameter 
pinions with large diameter spur wheels. The field of application 
of this type of gearing has shown a distinct tendency to expand in 
‘recent years. One of the main factors tending to hinder this 
expansion has been the feeling of awe and fear which the mere 
mention of the word Epicycric seems to conjure up in the minds 
of many engineers, and it is hoped that this pamphlet, by explaining 
the fundamental principles involved, will dispel this fear for good 
and perhaps pave the way for a further extension of its uses to all 
types of engineering work involving the use of toothed gearing. 


Velocity Ratios. 


In ordinary gears all wheels rotate about stationary centres. In 
epicyclic gears some of the wheels move bodily in addition to rotating 
about theiy own axes. It is therefore necessary to consider an 
additional member known as the avm which corresponds to the 
fixed frame in an ordinary train of gears. 


Consider the simple case of two wheels A and B gearing exter- 
nally, their centres being connected by the arm P. In Fig. 1, let 
aand 0 be points on A and B which are originally in contact. Keeping 
the arm P fixed, turn the wheel A through a clockwise angle 6. 
Then the wheel B will turn through a counter clockwise angle ¢ 


Yn 

such that 6 = — @ where 7, and 7s are the pitch circle radii of 
wheels A and B respectively. This position is shown in Fig. 2. 
Now suppose the whole gear to be locked “‘solid” and to rotate 
bodily about the axis of wheel A until the point a comes back to its 
original position, as shown in Fig. 3. It will be observed that the 
arm P has turned through a counter-clockwise (or negative) angle 0 
and that the wheel B has turned through a counter clockwise (or 
negative) angle (9 + ¢). (The angle turned through by the wheel 
B will be made more clear by considering the movement to be made 
in two stages. First of all, let the axis of the wheel B turn through 
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Fig. 3. 


Fig. 2. 


Fig. 1. 
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the negative angle @ relative to the axis of the wheel A. This 
would bri ing the “point b to b1. Then let the wheel B turn through 
the negative angle ¢ relative to its own axis, bringing the point 
bt to b and making the total negative angle turned through by the | 
wheel B equal to ‘0+ ¢). 


{ 
FIXED TURNS OF 

| REMARKS. | 

A B | P | 

P +0 =¢ | 0 Fig. 2 

A 0 —¢—-@| -—6 Fig. 3. | 

| 

B O+¢ ) | d Similarly. | 


The table gives the foregoing results arranged in tabular form. 
It will be observed that the values in the second line of the table 
can be obtained from those in the first line merely by subtracting 
+ 6 from each item. Similarly, to find the conditions when B is 
fixed, subtract —d from each item in the first line. Hence when 
dealing with an epicyclic train of gears it is sufficient to fix the 
arm, treat the gear as an ordinary train, tabulate the rotations of 
the various wheels and obtain the rotations for the epicyclic train 
by simple subtraction. | Observation of the following simple set 
of rules reduces the calculation of velocity ratios for epicyclic trains 
of gears to a merely mechanical process. 


1. Sketch the gear and assign a letter to each wheel and to 
the arm. 


2. Consider the arm fixed and give amy convenient wheel one 
positive revolution. 

3. Tabulate the corresponding revolutions of each of the other 
wheels, treating the gear as an ordinary fixed centre train. 


4. Subtract the revolutions of the fixed wheel from each item 
of the table. Then velocity ratio of gear 


Revs. of follower 


Revs. of driver 


The following set of examples illustrates the application of 
these rules :— 


Example 1—Simple Reverted Train. 


Find the velocity of the train shown in Fig. 4 


N.B.—The word “reverted” simply means that the axis of the 
first wheel coincides with the axis of the last wheel, 
literally ‘“coming back to the same centre.” 
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A—50 Teeth (Driver) 
B—51 Teeth Compound 
C—50 Teeth Planet Pinion 
D—49 Teeth (Fixed Wheel) 


Fig. 4. 


Considering the arm E fixed give (B, C) one positive revolution, 
Then A will make —51/,, revs. and D will make —*°/,, revs. These 
results may be tabulated thus :— 


FIXED, REvs. OF 
A | B,C D | E 
D — 55 + 4g} 1 + fag 0 H 5°las 
Driver Fixed Wheel | Follower 
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To obtain the second line of the table, subtract the revolutions 
of the fixed wheel D, i.e., —®°/4) from each item in the first line. 


Then velocity ratio of gear = 


Revs. of follower E 
Revs. of driver A 


50 
lag 


51 50 
PM sg + Play 


1 
(—°"/50 x 2/59) + 1 
Jj 
— 2499/0, + 1 
1 
‘/o500 
1 


This is a very compact arrangement for high reduction ratios. 
Generally for a ratio of to 1 (if 7 is a perfect square) the numbers 
of the teeth will be (VW—1), Vm, Vn and (/7 +1) in wheels D, C, A 


By comparison with example 1, it will be 
seen that the value of the train will then be 


and B respectively. 


Revs. of follower E 


Revs. of driver 


A 


Vn 
Val 
Vet A Vn 
Vn  Vn—-1 
1 
7 pas . = 4 
Vn Van 
1 


n—l 
( ) +1 
nN 


1 


— —n+1lin 


nN 
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A case was recently brought to the notice of the writer where an 
epicyclic gear of this type was used in conjunction with a worm 
reduction gear to give an overall ratio of 4000 to1. The arrangement 
was so compact that externally the appearance of the casing did 
not differ from that of a normal worm drive. 


Example 2.—Bicycle Gear. Fig. 5. 


This is a type of epicyclic gear with which many draughtsmen, 
who, of choice or necessity, prefer the “push bike” in this age of 
speed, will be familiar. 


| 


A—Wheel with 14 Teeth fixed to Fork of Cycle. 


B—4 Planet Pinions, each with 12 Teeth, running freely on Pins 
from Arm D, which is fixed to the Axle. 


C—Annular Wheel with 38 Teeth fixed to Hub. 
Fig. 5. 
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FIXED REvs. oF 
t | A | B | Cc D | 
D |. —“he | +1 | +s Oo 
A} 0 | LA Me | eet he | he | 

| Fixed Wheel | | Follower Driver | 


As before, the first line of the table is obtained by fixing the 
arm D and giving the pinion B one positive revolution. To obtain 
the second line of the table, subtract the revolutions of the fixed 
wheel, i.e., —1+2/,, from each item in the first line. 


Revs. of follower C 


Then velocity ratio of gear = ; 
Revs. of driver D 


12) 12 
/sg + +? lr 


12; 


fia 
137 | 


1 


Suppose now we require the speed of the axle when cycling at 
10 miles per hour with a 28" diam. bicycle wheel. 


28 
Circumference of wheel = a feet. 
= 7-32 feet. 
52,800 . 
Speed of hub = Gox7.32 TVS Per min. 
52,800 
Speed of axle =o _ «FEV. “per min, 


60 x 7-32 x 1:37 
= 87-7 revs. per min. 


Example 3.—Ford Car Gear. Fig. 6. 


Consider next the ingenious epicyclic gear known as the Ford 
car gear, giving two forward speeds and a reverse speed. 

The arrangement of the gear is shown diagrammatically in Fig. 6. 
The flywheel A acts as the arm of the epicyclic gear and carries 
three pins, two of which are indicated. Each pin carries a com- 
pound planet pinion BDF ; for the sake of clearness, only one of 
these pinions is shown. B gears with a wheel C which is connected 
through a clutch (not shown) with the driven shaft. The driven 
shaft in turn is connected with the rear axle through the bevel 
wheels H and J. The differential gear between the driven shaft 

B 
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and the rear axle is not shown as reference will be made to this gear 
later. D gears with E, which can be fixed by means of a band 
brake round the forward brake drum E1. © F gears with G, which 
can be fixed by means of a band brake round the reverse brake 
drum G1. The numbers of teeth in the various wheels are :-— 
B—27 teeth; D—33 teeth; F—24 teeth; C—27 teeth; E—2] 
teeth; G—30 teeth ; H—22 teeth; J—S80teeth. The gear really 
consists of three distinct trains which are obtained as follows :— 


(a) Top Gear. 


In this gear the wheel B gears with C, which is connected 
through a clutch with the driven shaft, the forward and reverse 
brake drums are both free and the gear becomes an ordinary train 
ABCHJ; the planet pinion BDF does not revolve on the pin, and 
the whole gear runs “‘solid’’, the flywheel A driving the wheel C at 
engine speed. So that the velocity ratio of the epicyclic portion of 
this train is 1/1. Including the bevel train HJ, the overall velocity 
ratio between the engine and rear axle will be 


1 22 1 


a —— 
1 80 3-63 

(b) Second Gear. 

In this case the forward brake drum E! is fixed and the gear 


becomes an epicyclic train ABCDE, with, of course, the ordinary 
bevel train HJ at the rear axle. 


FIXED | REvs. OF 
4 A B,D | . £ E 
A 0 #1 | =1 oa 
E 5 33/,) 1 + 33/,, 33/4, — 1 0 
| Driver Follower | Fixed Wheel 


_Drawing up the table in the usual way, the first line is obtained 
by fixing the flywheel or arm A and giving the planet pinion BD 
one positive revolution. _ The second line is obtained by subtracting 
the revolutions of the fixed wheel E, 7.e. — °3/,, from each item in 
the first line. 

Then velocity ratio of the epicyclic portion of the train 


Revs. of follower C 


Revs. of driver A 
2/o, — 1 


33/o4 
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33—21 
33 
1 

~ 2.75 


Including the bevel train HJ, the overall velocity ratio between 
the engine and the rear axle will be 


1 22 1 


x = 
2-75 80 10 
(c) Reverse Gear. 


In this case the forward brake drum E! is free and the reverse 
brake drum G! is fixed. The gear then becomes an epicyclic train 
ABCFG, with the ordinary bevel train HJ at the rear axle. Drawing 
up the table as before we have :— 


FIXED Revs. OF 
u A | B, F & | G 
A 0 +1 ead — 74/59 
G *4T 30 1+ 4/59 | —1 + *4/s6 0 
Driver | Follower Fixed Wheel 


Velocity ratio of the epicyclic portion of the train 
Revs. of follower C 


Revs. of driver A 
—1 + 74/59 


Including the bevel train HJ, the overall velocity ratio between 
the engine and the rear axle will be 


=——-x— 
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Bevel Epicyclic Gears. 


In dealing with bevel epicyclic gears, special care must be taken 
with regard to the direction of rotation and the gear should be 
viewed from some angle in which none of the wheels is seen “‘edge 
on.” 


Example 4.—Humpage’s Gear. Fig. 7. 


This is a common type of bevel epicyclic gear frequently used 
in lathe headstocks. 
In the gear shown in Fig. 7, 
A is the fixed wheel with 80 teeth. 
. bic = — is a compound planet pinion. 
D is the driven wheel with 50 teeth. 
E is the driving wheel with 20 teeth. 
F is an arm free to rotate on the axis of the driving shaft. 


| FIXED REvs. OF 
A B,C D E F 
Fo [| +1 =, | + %hy | 0 
A 0 1 + /sq | —*%/s0 + 4/0 | “*/20 + S4/a0| °4/s0 
Fixed | Follower Driver 


= 
ow | 


SS 


\ 
N 
\ 
N 
N 
S 
8 
S 
5 
2 
: 
3 
B 
g 
g 
Ze 
Z 
g 
y 
G 
/ 


Fig. 7. 
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To obtain the first line of the table, view the gear in the direction 
of the arrow, fix the arm F and give the planet pinion BC one positive 
revolution. To obtain the second line of the table, subtract the 
revolutions of the fixed wheel A, 7.e. —§4/,, from each item in the 
first line. 


F ’ Revs. of follower D 
Then velocity ratio of gear = ——————_—_ 
Revs. of driver E 


— Hg + ay 
64/09 + 4/50 
= (%50 x oa) + 1 
441 


ll 


*la 
5 
a 
20 

_ The foregoing examples deal only with the particular case of an 
epicyclic gear having one driver and one fixed wheel, but the method 
is equally applicable to the general case, i.e., the epicyclic gear with 


two drivers and all wheels free. The following example will illustrate 
the procedure to be adopted in dealing with the general case. 


Example 5.—Humpage’s Gear. Fig. 7. 


Consider the bevel gear used in example 4, but let the wheel E 
run at 400 r.p.m. and the wheel A, instead of being fixed, run at 
—40 r.p.M., the minus sign indicating that the direction of rotation 
of A is opposite to that of the driving wheel E. Let it be required 
to find the speed of the driven wheel D under these conditions. 


FIXED REvs. OF 
A B, C D E | F 
B = 54/50 =F 1 = 5% 56 =F 84/eo | 0 


x 


All Free | ¥ — 4/9 | x +1 | ¥ — 2/5, | x + %4/,, 


The letters in the table refer to Fig. 7, and the first line of the 
table is obtained as before by fixing the arm F and giving the planet 
pinion BC one positive revolution. The second line is obtained by 
releasing the arm F, giving it x revolutions and adding this quantity 
x to each item in the first line. To determine the value of the 
quantity x we are given that the speed of A is —40 R.p.M. and the 
speed of E is 400 R.P.M. 
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Speed of A —40 d 
Speed ofE 400 ‘10 ) 
But from the second line of the table we have 
Speed of A x — 4) 04 1 
5 ogee =... ae = = an from (1) 
Speed of E x + 84/54 10 
20 x — 16 & 
20%+64 10 
200x — 160 = — 20 x — 64 
220 x = 96 
96 
*~ = 290 
24 
~ 55 
Again from the second line of the table we have 
Speed of D x — 3, 
Speed of E x + “4/y, 


24/55 — *°/s0 
74/55 + 54/09 
L— (9%50 x **/o4) 
1 + (*/o9 x **/o4) 
1 = la 
T te Woy 

9 


200 
but the speed of E = 400 r.p.m. 


9 
— 200 x 400 R.P.m. 


= — 18 RPM. 
i.e., D runs at 18 R.p.M. in a direction opposite to that of E. 


As a check on this result, let us compare the speeds of D 
From the second line of the table we have P and A, 


Speed of D 


Speed of D % — 3,4 
Speedof A sw — 4), 


2455 _ 3°50 


"4/55 ~ *4/s0 
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1 (ay X 99/4) 
1 (84/59 x P?/o4) 
1~4/, 
“tay 
24 —33 
 94—44 
= 
~ 20 
but the speed of A = — 40 R.P.M. 
9 
speed of D = — x — 40 R.P.M. 
20 
= — 18 RPM. 


This is the same result as was obtained by comparing the speed 
of D with the speed of E. 

As a last example, let us take a case where the required velocity 
ratio is known and the numbers of teeth of some of the wheels are 
unknown. 


Example 6.—In the gear shown in Fig. 8, A is a wheel with 
60 teeth. The arm D which connects the centres of A and B is 
required to revolve at 100 R.p.M. in the same direction as wheel C, 
which runs at 130 R.p.M. when A is fixed. C is concentric with A, 
and each wheel, except A, is free to revolve on its own axis. The 
numbers of teeth in the wheels B and C are required for these 
conditions. 

Let the number of teeth in B be N, and number of teeth in C be N,, 


FIXED REvs. OF 
’ A B | C | D 
N, | N, 
D = ce 54 | A | 0 
MY MM, M 
= . 1+ 0 | nete ! 
| | ! 


The: first line of the table is obtained by fixing the arm D and 
giving B one positive revolution. The second line is obtained by 


N 
subtracting the revolutions of the fixed wheel A, 7.e., — —> from 


each item in the first line. 
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{ 
Fig. 8. 


Then from the second line of the table we have 


a, gle 
Speed of C N, 60 
Speed of D N, 
60 
But Speed of C 7 130 ee 
Speed of D 100 
N Ny 
N, eo. 130 
oN, 100 
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N, * 1 _ 130 
1 ~ 100 
60 + N, 130 
N, ~ 100 
130 N, = 6000 + 100 N, 
30 N, = 6000 


Ny 200 


Again, since the wheels A, B and C are all in gear with each other, 
they must necessarily have the same pitch of teeth, and 
Number of teeth in A 
2 


a 


+ number of teeth in B must equal - 
‘Number of teeth in C 
2 


2 
a0 4 w= 

2 
N, = 70 


that is, for the required conditions, B must have 70 teeth and C 
must have 200 teeth. 


Tooth Loads and Friction Losses. 


With accurately machined spur gears the friction loss at each 
pair of wheels may be taken as one per cent. of the power trans- 
mitted between the wheels. In practice this loss in ordinary fixed 
centre trains is so small that it may be ignored, but with epicyclic 
gears very high tooth loads are generated at high pitch line velocities 
and the loss due to friction becomes appreciable and must be taken 
into account when considering the efficiency of the gear as a power 
transmitting medium. The loss due to friction at each pair of 
wheels is usually taken as one per cent. of the vivtuwal work trans- 
mitted between them. The method adopted for calculating tooth 
loads and friction losses will be illustrated in the following examples. 
In choosing the examples, two main types of epicyclic gearing have 
been chosen, the first in which the efficiency compares very favour- 
ably with that of an ordinary fixed centre train and the second in 
which the efficiency, especially for high velocity ratios, is low com- 
pared with that of an ordinary fixed centre train. 


Example 1.—Fig. 9 (a) shows a simple type of epicyclic 
in which the wheel A is the driver Tesred fo fis davine sit. we 
arm B keyed to the driven shaft carries a planet pinion C which 
gears with A and also with the fixed wheel D. Let the wheel A 
run at 1000 R.p.M. and transmit 3 H.P. to driven shaft and let it be 


19 


NG 
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required to find the velocity ratio, tooth loads, friction losses and 
efficiency of the gear. Fig. 9 (a) shows the arrangement of the gear. 
Fig. 9 (b) shows diagrammatically the pitch circles of the wheels. 
To make the example more definite, let us assume that the pitch 
circle diameters of the wheels are A—4”, C—6” and D—16”. The 
radius of the arm will then be 5”. 


Velocity Ratio. 
Drawing up the table in the usual fashion we have 


- oe 
FIXED | REvs. OF 
| A | B ms: | D 
B | — 5/, 0 +1 + re 
D —8l4—Sig = Shie 1 — Shia 0 
ej is Revs. of B — Sh 
elocity ratio = Hove. oF A, fa = %,—9,, 
_ 8 
1g 
i 
 &§ 
Speed of B % x 1000 R.P.M. 


200 R.P.M. 


Tooth Loads. 


Let W, be the tooth load between the wheels A and C. 

W, be the force applied to the driven shaft by the arm B, 
the point of application being the centre of the planet 
pinion C. 

W; be the tooth load between the wheels C and D. 

Then the system so far as loads are concerned may be compared 
to a simple lever XYZ, as shown in Fig. 9 (c), the pitch point of 
the fixed wheel D being the fulcrum. 

H.P. transmitted by wheel A = 3. 
Pitch line velocity of wheel A = pitch circumference x speed in 
R.P.M. 
Tx 4 


= 12 x 1000 


1000 7 
3 


ft. per min. 
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Tooth load x Pitch line velocity 
7 33,000 

W, x 10007 

33,000 x 3 

W, = 94:6 Ib. 


Taking moments about the fulcrum X we have 


And from the relation, H.P. = 


we have 3 


W,x 3 = W,x 6 
v. Wy, = 946 x 2 
= 189-2 th. 
Again, for equilibrium, W, + W; =W, 
- Ws, = W.-W, 
= 189-2 — 94-6 
= 94-6 lb. 


Asa check on these tooth loads, the arm B rotates at 200 R.P.M. 
and has to transmit 3 H.p. with the load W, acting at a radius of 5" 
from the centre of the shaft. This will give W, a velocity of 


2x 5 


x 200 ft. per min. 
12 

1000 7 : 
tli, -— ft. per min. 


; Load x velocity 
And from the relation, H.P. 


33,000 
; 3 W, x 1000 7 
we have ee x 33,000 
W, = 18 x 33 
Te 
= 189-2 Ib. 


which is the same value as that obtained from the lever analogy. 


Friction Losses and Efficiency of Gear. 


As the friction losses at each pair of gears in an epicyclic train 
depend on the virtual work done between them, it is a necessary 
preliminary to the calculation of friction losses to calculate the 
virtual work done at each pair of wheels. Consider first the wheels 


AandC. Then, since ‘the pitch line velocity of wheel A is “ is 


ft. per min., a point E on the pitch surface of wheel A will have a 


nN 
i) 
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1000 x 


velocity of ft. per min. = 1047 ft. per min., clockwise relative 
to the axes of the shafts. This would be the velocity of transmission 
if the train were an ordinary fixed centre one. But in virtue of the 
fact that the planet pinion C is attached to the arm B, a point E 
on the pitch surface of C, at a radius of 2” from O, will, since B runs 


2 7 x 2 

at 200 R.p.M., have a velocity of ae x 200 ft. per min. = 
209 ft. per min. relative to the axis of the shafts. That is, the point of 
contact E on the wheel A has a velocity of 1047 ft. per min. relative 
to the axis of the shafts in virtue of the motion of wheel A and a 
point of contact E on the wheel C has a velocity of 209 ft. per min. 
relative to the axis of the shafts in virtue of the motion of the arm 
B. Since these two velocities are in the same direction, the relative 
velocity of point of contact E on the wheel A to point of contact E 
on the wheel C will be given by the difference of these two velocities, 
t.e., by 1047—209 =838 ft. per min. The load between the gears 
is 94-6 lb. and the virtual work done will be given by 94-6 x 838 — 
79,200 ft. lbs. per min., and, taking the friction loss as 1% of the 
virtual work, the friction loss in the train A-C will be 792 ft. lb. 
per min. 


Consider now the wheels C and D. Since the wheel D is fixed, 
a point F on its surface will have no velocity relative to the axis 
of the shafts. But, in virtue of the fact that the planet pinion C 
is attached to the arm B, a point F on the pitch surface of the wheel 
C, at a radius of 8” from O, will, since B runs at 200 R.P.M. have a 


2mx 8 ‘ : 
velocity of aaa x 200 ft. per min. = 838 ft. per min. clock- 


wise relative to the axis of the shafts. Hence the relative velocity 
of point of contact F on pinion C to point of contact F on pinion 
D =838—0 =838 ft. per min. The load between the gears is 94-6 Ib. 
and the virtual work done will be given by 94-6 x 838 =79,200 ft. Lb. 
per min., and, taking the friction loss at 1% of the virtual work, 
the friction loss in the train C-D will be 792 ft. lb. per min. 


Total friction loss = (792 + 792) ft. lb. per min. 
= 1584 ft. Ib. per min, 
= 0-048 Hp. 


That is, to transmit 3 H.P. to B, 3-048 u.p. must be supplied at 


A giving an efficiency of 3048 7 0-984 or 98:4%, which would 
compare very favourably with the efficiency of an ordinary train 
of gears giving the same velocity ratio. 
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Example 2.—Fig. 10 (a) shows a type of epicyclic gear with a 
compound planet pinion. The arm A is the driver keyed to the 
driving shaft B, C is a compound planet pinion revolving freely 
on a pin carried by the arm A, C gearing with the fixed wheel D, 
and B gearing with the wheel E, which is keyed to the driven shaft. 
Let the arm A run at 1000 R.P.M. and transmit 3 H.P. to the driven 
shaft and let it be required to find the velocity ratio, tooth loads, 
friction losses and efficiency of the gear. Fig. 10 (b) shows dia- 
grammatically the pitch circles of the wheels. To make the example 
more definite, let us assume that the pitch circle diameters of the 


wheels are B--3”, C—4”, D—9”" and E—10”. The radius of the 
arm A will then be 63”. 


Velocity Ratio. 


Drawing up the table in the usual fashion we have 
| | naa 


FIxED 


REvs. OF 
| v A Bc | D E 
| 
| \ 
\ D | 4Ty 1+ 4/5 0 —ig + 4/9 
. f Revs. of E = 8 4 
Velocity ratio = —— _ ae 
Revs. of A iis 
ees (lio X %/4) +1 
1 
= 1 — 2" lag 
il 
13 
~ 40 
Speed of E = /,, x 1000 R.P.M. 
= 325 R.P.M. 


Tooth Loads. 


Let W, be the force applied to the axis of the planet pinions 
B, C by the arm A keyed to the driving shaft. 
W,, be the tooth load between the wheels B and E. 
W, be the tooth load between the wheels C and D. 
Then the system as far as loads are concerned may be compared 
to a simple lever XYZ, as shown in Fig. 10 (c), the pitch point of the 
fixed wheel D being the fulcrum. 


H.P. transmitted by the arm A = 3. 
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Velocity of point of application of load W, = circumference of 
circle of 6” rad. x speed of arm in R.P.M. 


13 
_ ZA x 1000 ft. per min. 


a 


And from ss — iad we wel 
.P. transmitted = a 
we have 3 = Wix 7 x 13 x_1000 
12 x 33,000 


3 x 12 x 33,000 
mt x 13 x 1000 
= 29:1 Ib. 
Taking moments about the fulcrum X we have 
W. x4 = W, x 2 
. W, = W, x 4 
= 29-1 x 4 
= 116-4 Ib. 
Again, for equilibrium, W,+ Ws = We 
es W, = W.-W, 
= 116-4--29-1 
87:3 Ib. 
As a check on these tooth loads, the wheel E rotates at 325 
R.p.M, and has to transmit 3 H.P. with the load W, acting at a pitch 


W, = 


5 
x 325 ft. 


circle of radius 5”. This will give W, a velocity of 


load x velocity 
33,000 

W.x 27x 5 x 325 

12 x 33,000 

3 x 12 x 33,000 

2xmx5 x 325 


= 116-4 Ib. 
which is the same value as that obtained by the lever analogy. 


per min. and from the relation H.P. = 


we have 3 


W, = 


Friction Losses and Efficiency of Gear. 


Consider first the wheels B and E. The pitch circumference of 


27x 5 
the wheel E = "a ft. and the speed of E is 325 r.p.m. Then 
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‘ : : 2mx5 
the pitch line velocity of the wheel E = a x 325 ft. per 
: 3250 , : y : 
min. = 12 ft. per min. Therefore a point F on the pitch 
3250 7 


surface of the wheel E will have a velocity of 


12 = 852 ft. 
per min. clockwise relative to the axis of the shafts. This would 
be the velocity of transmission if the gear were an ordinary fixed 
centre train. But, in virtue of the fact that the planet pinion B is 
attached to the arm A, a point F on the pitch surface of B at a 
radius of 5” from O will, since A runs at 1000 R.P.M., have a velocity 


a 


of = x 1000 ft. per min. = 2618 ft. per min. clockwise re- 
lative to the axis of the shafts. That is, a point of contact F on 
wheel B has a velocity of 2618 ft. per min. relative to the axis of the 
shafts in virtue of the motion of the arm A and a point of contact 
F on wheel E has a velocity of 852 ft. per min. relative to the axis 
of the shafts in virtue of the motion of E. Since these two velocities 
are in the same direction the relative velocity of point of contact 
F on wheel B to point of contact F on wheel E will be given by the 
difference of the two velocities, 7.c., by 2618—852 = 1766 ft. per min. 
The load between the gears is 116-4 lb. and the virtual work done 
will be given by 116-4 x 1766 =205,600 ft. Jb. per min. and, taking 
the friction loss as 1% of the virtual work, the friction loss in the 
train B-E will be 2056 ft. Ib. per min. Consider now the wheels 
Cand D. Since the wheel D is fixed, a point G on its pitch surface 
will have no velocity relative to the axis of the shafts. But, in 
virtue of the fact that the planet pinion C is attached to the arm A, 
a point G in the pitch surface of C, at a radius of 43” from O, will, 


since A runs at 1000 R.P.M., have a velocity of Su x 1000 = 


2357 ft. per min. clockwise relative to the axis of the shaft. Hence 
the relative velocity of the point of contact G on pinion C to the 
point of contact G on the wheel D =2357 —0 — 2357 ft. per min. The 
load between the gears is 87-3 lb. and the virtual work done will be 
given by 87:3 x 2357 =205,600 ft. lb. per min. and, taking the 
friction loss as 1% of the virtual work done, the friction loss in the 
train C-D will be 2056 ft. lb. per min. 
Total friction loss = (2056 + 2056) ft. Ib. per min. 

4112 ft. lk. per min. 

= 0-125 Hp. 


That is, to transmit 3 H.P. to E, 3-125 u.p. must be supplied at 


ll 
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2 — = 0-96 or 96%. This efficiency, 
3-125 
while not quite so high as that obtained with the gear in example 1, 
would still compare very favourably with an ordinary train of gears 
to give the same velocity ratio. Unfortunately the efficiency of an 
epicyclic train of this type falls off rather badly when the reduction 
ratio is increased. Example 3 will illustrate this point. 


Example 3.—With the same type of gear as in example 2, let 
the pitch circle diameters of the wheels be B—3-9", C—4”, D—10" 
and E—10-1”. The radius of the arm A will then be 7”. As before, 
let the driving arm A run at 1000 R.P.M. and transmit 3 H.P. to the 
driven wheel E and let it be required to find the velocity ratio, 
tooth loads, friction losses and efficiency of the gear. Fig. 11 (b) 
shows diagrammatically the pitch circles of the wheels. 


A, giving an efficiency of 


« 
10°] Fico 


Le) 


Fig. 11. 
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’ 5 27x 5 
the pitch line velocity of the wheel E = a x 325 ft. per 
3250 7 : F 
min. = ‘6 ft. per min. Therefore a point F on the pitch 


surface of the wheel E will have a velocity of S20) = 852 ft. 
per min. clockwise relative to the axis of the shafts. 
be the velocity of transmission if the gear were 
centre train. But, in virtue of the fact that the 
attached to the arm A, a point F on the pitch surface of B at a 
radius of 5” from O will, since A runs at 1000 R.P.M., have a velocity 


This would 
an ordinary fixed 
planet pinion B is 


4 


12 
lative to the axis of the shafts. 


of x 1000 ft. per min. = 2618 ft. per min. clockwise re- 


That is, a point of contact F on 
wheel B has a velocity of 2618 ft. per min. relative to the axis of the 


shafts in virtue of the motion of the arm A and a point of contact 
F on wheel E has a velocity of 852 ft. per min. relative to the axis 
of the shafts in virtue of the motion of E. Since these two velocities 
are in the same direction the relative velocity of point of contact 
F on wheel B to point of contact F on wheel E will be given by the 
difference of the two velocities, 1.e., by 2618—852 =1766 ft. per min, 
The load between the gears is 116-4 Ib. and the virtual work done 
will be given by 116-4 x 1766 =205,600 ft. Ib. per min. and, taking 
the friction loss as 1% of the virtual work, the friction loss in the 
train B-E will be 2056 ft. lb. per min. Consider now the wheels 
Cand D. Since the wheel D is fixed, a point G on its pitch surface 
will have no velocity relative to the axis of the shafts. But, in 
virtue of the fact that the planet pinion C is attached to the arm A 
a point G in the pitch surface of C, at a radius of 43” from O, will, 
27x 4:5 

12 x 1000 = 
2357 ft. per min. clockwise relative to the axis of the shaft. Hence 
the relative velocity of the point of contact G on pinion C to the 
point of contact G on the wheel D =2357—0 2357 ft. per min. The 
load between the gears is 87-3 lb. and the virtual work done will be 
given by 87-3 x 2357 =205,600 ft. Ib. per min. and, taking the 
friction loss as 1% of the virtual work done, the friction loss in the 
train C-D will be 2056 ft. lb. per min. 


Total friction loss = (2056 + 2056) ft. Ib. per min. 
4112 ft. Ik. per min. 
= 0-125 Hp. 


That is, to transmit 3 H.P. fo E, 3-125 u.p. must be supplied at 


since A runs at 1000 R.P.m., have a velocity of 


| 
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A, giving an efficiency of 3195. = 0-96 or 96%. This efficiency, 
125 


while not quite so high as that obtained with the gear in example 1, 
would still compare very favourably with an ordinary train of gears 
to give the same velocity ratio. Unfortunately the efficiency of an 
epicyclic train of this type falls off rather badly when the reduction 
ratio is increased. Example 3 will illustrate this point. 


Example 3.—With the same type of gear as in example 2, let 
the pitch circle diameters of the wheels be B—3-9", C4", D—10’ 
and E—10-1”. The radius of the arm A will then be 7”. As before, 
let the driving arm A run at 1000 R.P.M. and transmit 3 H.P. to the 
driven wheel E and let it be required to find the velocity ratio, 
tooth loads, friction losses and efficiency of the gear. Fig. 11 (b) 
shows diagrammatically the pitch circles of the wheels. 


u 
lo: | PCO 


Lb) 


Fig. 11. 
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Velocity Ratio. 


Drawing up the table in the usual fashion, we have 


FIXED REvs. OF 
v A | B,C D E 
4 3- 
7 ” ee — 70 — f04 
4 4 4 3:9 
D a 1+ ig 0 io 
4 3-9 
; : Revs. of E 10 10-1 
Velocity ratio = a an : 
10 
1 ( 3-9 ~) 
10:1 4 
-_ 1 
39 
7 40-4 
1-4 
= 40-4 
1-4 
Speed of E = 100 
' oa 
= 34-65 R.P.M. 


Tooth Loads. 


Let W, be the force applied to the axis of the planet pinions 
B, C by the arm A keyed to the driving shaft. 

Let W, be the tooth load between the wheels B and E. 

Let W, be the tooth load between the wheels C and D. 

Then the system as far as loads are concerned may be compared 
to a simple lever XYZ, as shown in Fig. 11 (c), the pitch point of 
the fixed wheel D being the fulcrum. 

H.P. transmitted by the arm A = 3. 

Velocity of point of application of the load W, =circumference of 

circle of 7” rad. x speed of arm in R.P.M. 
Tw x 14 


a 1000 ft. per min. 


PE wl 
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And from the relation, load x velocity 
H.P. transmitted = 33000 
I 3 . “ix mx 1M x 1000 
we have = errr a0 s 
3 x 12 x 33,000 
VW = 
mx 14 x 1000 
= 27 Ib. 
Taking moments about the fulcrum X; we have 
W,x 0:05 = W,x 2 
-. We, = W,x 40 
= 27 x 40 
= 1080 Ib. 
Again, for equilibrium, W,+ W, = W, 
: 3 = W,—W, 
= 1080—27 
= 1053 lb. 


As a check on these results, the wheel E rotates at 34-65 R.P.M. 
and has to transmit 3 H.P. with the load W, acting at the pitch 


be a : 27 x 5:05 
circle radius of 5-05”. This will give W, a velocity of ae 
x 34-65 ft. per min., and from the relation 

load x velocity 


HP. 
33,000 
have 3 = Wax 2vx 505 x 34:65 _ 
eer 33,000 x 12 


3 x 33,000 x 12 
~ 27 x 5:05 x 34-65 
= 1080 Ib. 
which is the same value as that obtained by the lever analogy. 


We 


Friction Losses and Efficiency of Gear. 


Consider first the wheels B and E. The pitch circumference of 
mt x 10-1 


the wheel E = 2 ft. and the speed of E is 34-65 r.p.m. 
Then the pitch line velocity of the wheel E = s- ——_ x 34-65 


ft. per min. = 92 ft. per min. clockwise relative to the axis of the 
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shafts. This would be the velocity of transmission if the gear were 
an ordinary fixed centre train. But, in virtue of the fact that the 
planet pinion B is attached to the arm A, a point F on the pitch 
surface of B at a radius of 5:05” from O will, since A runs at 1000 


27 x 5:05 x 1000 
12 


per min. clockwise relative to the axis of the shafts. That is, a 
point of contact F on the wheel B has a velocity of 2641 ft. per min. 
relative to the axis of the shafts in virtue of the motion of the arm 
A and a point of contact:F on the wheel E has a velocity of 92 ft. per 
min. relative to the axis of the shafts in virtue of the motion of E. 
Since these two velocities are in the same direction, the relative 
velocity of the point of contact F on the wheel B to the point of 
contact F on the wheel E will be given by the difference of the two 
velocities, z.e., by 2641 —92 =2549 ft. per min. The load between 
the gears is 1080 lb. and the virtual work done will be given by 
1080 x 2549 ft. Ib. per min. =2,753,000 ft. lb. per min. and taking 
the friction loss as 1% of the virtual work, the friction loss in the 
train B-E will be 27,530 ft. lb. per min. 

Consider now the wheels C and D. Since the wheel D is fixed, 
a point G on its pitch surface will have no velocity relative to the 
axis of the shafts. But, in virtue of the fact that the planet pinion 
C is attached to the arm A, a point G on the pitch surface of C at a 
radius of 5” from 0 will, since A runs at 1000 R.p.M., have a velocity 


27x 5 x 1000 


12 


of the shafts. Then the relative velocity of the point of contact G 

on the pinion C to the point of contact G on the wheel D =2618—0 

=2618 ft. per min. The load between the gears is 1053 Ib. and the 

virtual work done will be given by 1053 x 2618 =2,757,000 ft. Ib. 

per min., and, taking the friction losses as 1% of the virtual work 

done, the friction loss in train C - D will be 27,570 ft. lb. per min. 
Total friction loss (27,530 + 27,570) ft. lb. per min. 

55,100 ft. lb. per min. 

1-67 HP. 

That is, to transmit 3 u.P. to E, 4-67 u.P. must be supplied at A, 


R.P.M., have a velocity of ft. per min. =2641 ft. 


of = 2618 ft. per min. clockwise relative to the axis 


— = 3 
giving an efficiency of 167 = 0-64 or 64%, which is very low for 


spur gear transmission. 


Applications of Epicyclic Gearing. 


Having disposed of the theoretical principles involved in the 
calculations of velocity ratios, tooth loads and efficiencies for 
epicyclic gearing, let us now consider in detail a few of the applica- 
tions of this type of gearing to modern engineering practice. 
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Cyclometer. 


This is a practical example of the reverted train and is used for 
recording the distance travelled by an ordinary pedal bicycle. The 
whole gear is remarkably compact and is usually enclosed in a 
cylinder of less than 1” in diameter. Fig. 12 shows diagramma- 
tically the arrangement of the gear. 

C and D are concentric annular wheels with centre O, C being 
fixed and D free to revolve about O. The arm OP also revolves 
freely about O and carries the compound planet pinion A, B, which 
is free to revolve about P, A gearing with the fixed wheel C and B 
gearing with D. The numbers of teeth in the various wheels are 
A—21 teeth, B—23 teeth, C—24 teeth and D—26 teeth. The 
arm OP is the driver and the annular wheel D is the follower. 

Drawing up the table in the usual fashion, we have 


FIXED REvs. OF 

| 

v A,B Cc D OP 
OP + 1 + oq + */o¢ 0 


Fig. 12. 
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Revs. of D 23/,, — 4/, 
Velocity ratio = ~————__ = —/es — “les 


Revs. of OP — 71/5, 
(?8/og x *4/o1) — 1 
—] 
ee | 
= #8 
6 
~~ 546 
1 
~~ 91 


On the bicycle the arm OP is made integral with a star wheel, 
which has eight teeth. A striker fixed to a spoke of the cycle wheel 
rotates with the cycle wheel and is arranged in such a manner that 
it engages with the teeth of the star wheel and causes the star wheel 
to revolve completely once in eight revolutions of the cycle wheel. 
This part of the gear is not shown in Fig. 12. With a cycle wheel 

T x 28 

12 

feet and one revolution of OP will correspond to a distance travelled 
28 F F 
qf H2= = x 8 feet, since OP makes one revolution for eight 


revolutions of the wheel. Again, the velocity ratio of D to OP is 


of 28” diameter, the circumference of the wheel will be 


91° Therefore one revolution of D will correspond to a distance 


travelled of Bee Re KO feet. 
12 
= 5330 ft. 
= 1-01 miles. 

Since the radius of the tyre at the point of contact with the 
road will vary with the degree of inflation and with the weight of 
the rider, it may easily vary from the value of 14” by 1%. Hence 
no serious error will be involved if one revolution of D is taken to 
correspond to a distance travelled of 1 mile instead of 1-01 miles. 
This is actually assumed and the outside of the wheel D is engraved 
with the numbers 1, 2, 3... .9, 0, each number being viewed 
through a window in the cylinder in which the gear is enclosed, only 
one figure being visible at a time. Hence a movement of one 
figure to the next will indicate that one-tenth of a mile has been 
traversed. 
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Driving Pulley with Epicyclic Reverse Gear. 


There are many applications of epicyclic gearing to machine 
tools, but one which comes very readily to the mind of the author 
is that fitted to the driving pulleys of turret lathes. This gear 
provides three positions—neutral, forward and reverse—all arranged 
inside one driving pulley. The principle of the gear is outlined 
diagrammatically in Fig. 13. The driving pulley B is made in 
halves and runs freely on the driving shaft A. The pulley may be 
fixed rigidly to A by means of a radial plunger P which operates an 
expanding brake. Movement of the rod R to the right from the 
position shown, pushes out the plunger P and brings the expanding 
brake into contact with the inner surface of the pulley at Z. This 
causes the pulley and shaft to rotate as one, giving the forward 
position of the gear. Inside the driving pulley B, a compound 
planet pinion C, D runs freely on a pin supported by the flange 
of the pulley and an internal plate G. C gears with the wheel E 
which is rigidly fixed to the headstock. D gears with a wheel F 
which runs freely on the driving shaft A, but which may be fixed 
to A by means of another plunger Q operating an expanding brake 
which comes into action when the rod R is moved to the left from 
the position shown. The reverse gear is brought into action by 
moving the rod R to the left, thereby fixing the wheel F to the 
driving shaft A, the drive passing from the pulley to the shaft 
through the gears C, D, E and F. The number of teeth in the 
various wheels are C—23 teeth, D—32 teeth, E—34 teeth and F—25 
teeth. Drawing up the table in the usual fashion we have :— 


FixEepD Revs. OF 
’ cD | E | F B 
sa +1 | — 7/54 — *%/5, 0 
| * p+ *% a4 | + 22/aq 


Velocity ratio of gear 
_ Revs. of follower F 


Revs. of driver B 


= ls te lay 


23/34 
= = (Flos x */o3) + 1 
1 . 
— 189 +1 — 0-89 | 


1 1. 1-125 
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So that in reverse gear, driving pulley B makes 1} revs. in one 
direction, while the driving shaft A makes 1 revolution in the 
opposite direction. The neutral position is obtained with the rod 
R in the position shown in Fig. 13, plungers P and Q being both 
out of action and the driving pulley running idly on the shaft. 


The Wilson Gearbox. 


Perhaps no application of epicyclic gearing has aroused so much 
interest in recent years as this remarkable gearbox arranged to give 
a neutral position, four forward gears and a reverse gear. The 
inventor, Major W. G. Wilson, C.M.G., read a comprehensive paper 
on the action of the gearbox before the I.A.E. (Vol. XXVL., p. 216) 
and readers of this pamphlet are referred to this paper for a full 
description of the gear. In this pamphlet we are concerned only 
with the epicyclic portion of the gearbox and with this end in view, 
Fig. 14 has been prepared. In this figure only the gears, shafts 
and carrier plates are shown, all bushes, ball-bearings, etc., having 
been omitted. P is the driving shaft driven from the engine. Q is 
the driven shaft transmitting the motion to the rear axle. A is 
the reverse brake drum, revolving freely on the reverse carrier plate 
M. M, in turn, is keyed to the driven shaft Q and carries the planet 
pinion B which gears internally with A and externally with the 
first speed brake drum C. C revolves freely on the first speed 
carrier plate L. L, in turn, is keyed to the shaft Q and carries the 
planet pinion D, which gears internally with C and externally with 
the driving wheel E. _ E is a double gear wheel keyed to the driving 
shaft P. F is the second speed planet pinion and is carried by a 
carrier plate N and an annular wheel J. N has a series of notches 
on its circumference. These notches fit into the teeth in C, making 
C and N revolve as one. F gears externally with the driving wheel 
E and internally with the second speed brake drum G.  G, in turn, 
carries a pin on which the planet pinion H revolves freely. H gears 
internally with J and externally with the wheel K which is integral 
with the third speed brake drum. I revolves freely on the driving 
shaft P. Integral with K there is also the outer portion of a cone 
clutch, the cone of which slides on the shaft P and is keyed to P. 
All planet pinions revolve freely on their pins and any of the brake 
drums A, C, G or K may be fixed by means of band brakes. In 
the actual box keys are replaced by splined shafts, but keys are 
assumed in the sketch for the sake of clearness. The numbers of 
teeth in the various wheels are A—67 teeth, B—19 teeth, C—29 
teeth externally and 67 teeth internally, D—22 teeth, E—23 teeth, 
a teeth, G—67 teeth, H—19 teeth, J—58 teeth and K—20 
teeth. 


The various gears are obtained as follows :— 


EE 
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“th “SIs 


terrae 


Vara 
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Reverse Gear. 


The reverse brake drum A is fixed and the power is transmitted 
from the driving shaft P to the driven shaft Q by the driving wheel 
E through the wheels ED, C, B, A and the carrier plates L and M. 
Drawing up the table in the usual fashion we have— 


FIXED REVS. OF 

vy [a B([um|c (| > | = 
L,M | —?°/4, — 29/55 0 | + 87a Ae 

A 0 [—*hot "er lez | 1 [67 ) Soot /6r | —S*/os+* 9/62 


Note that the carrier plates L and M are in one column together 
as, since they are both keyed to the driven shaft Q, they will rotate 
as one. 


Velocity ratio of gear 
Revs. of follower LM . 


Revs. of driver E 


7 Mi 1 
—87 Jog + for — —(87/oq x 87/a9) +1 ~ __6.73 ts 
1 
~ 5:73 


First Gear. 


The first speed brake drum C is fixed and the power is trans- 
mitted from the driving shaft P to the driven shaft Q by the driving 
wheel E through the wheels D and C and the carrier plate L. Drawing 
up the table in the usual fashion, we have :— 


FIXED REvS. OF 
E D Cc le 
L | tly | + 1 + 77/67 0 
Cc 22/03 — 2/62 1 —??/,, 0 — 22/,, 


Velocity ratio of Revs. of follower L 
ratio ear = —_ 
— ome Revs. of driver E 


22 
—*"l67 


= Slag = Ler 
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pes gs 
*"/og + 1 
23 
90 


Second Gear. 


The second speed brake drum G is fixed and the power is trans- 
mitted from the driving shaft P to the driven shaft Q by the driving 
wheel E through the wheels F, G, D and C and the carrier plate L. 
Drawing up the table in the usual fashion, we have :— 


| FIXED | REVS. OF 
Y E | C.N.J D 
a ee en ) +1 
C,N, J = Faleg = *A/g3 0 | 1—2%/q, 
G —*7Jog — Flag — (75/67) (?7/o3-+°°/67) | 
REvSs. OF 
i F é 
‘ 0 | - 
C,N, J — 6, (2?/og-+ 27/62) (2/a2) | (22/23 22/62) (29/62) 
G | —*f6r—(?%/o7) (8/23 +?*/52) | 0 


The first line of the table is obtained in the normal way by 
fixing L and giving D one positive revolution. Again N has a 
series of notches on its circumference which fit into the teeth in 
C and N and J are connected by the pin carrying the planet pinion F. 
Hence C, N and J are listed as one in the table. To obtain the 
second line of the table, CNJ is fixed and its revs (+ 22/,,) are sub- 
tracted from each item in the first line. In this way we obtain 
the revs. of E as (—?%/., — ??/,,). But F gears with E and since 
there are 22 teeth in F and 23 teeth in E, the revs. of F will be 
opposite to those of E and °%/., of their value. Hence the revs. of 
F will be (—*?/o3—?"/g7) x — "Slop = (?%/og + 72/6) (?8/o9). Again 
F gears with G and the revs. of G will be in the same direction as 
those of F and 2%/,. of their value. Hence the revs. of G will be 
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(22/05 +2%Jer) (25/00) (2%/6z) = (%/es+*%/ez) (?8/er)- The third and last 
line of the table is obtained by fixing G and subtracting its revs., 
viz., (22/03 + 22/67) (2/g7) from each item in the second line. Note 
that only those values essential to the calculation of the velocity 
ratio of the train have been entered in the third line. 


Revs. of follower L 


ll 


Velocity ratio of gear 
° y 8 Revs. of driver E 


2276, — 28/6, — (27/67 x 23/67) 
— 27/93 — 77] gg — 7? gg — (77/67 X 23/67) 
_ Sb 8 a Oe 
— yg — 1 —1 — ey 
279/67 
- 273/67 + S*/og 
2-343 
~ 2:343 + 2-91 


2-343 
5-253 


Third Gear. 


The third speed brake drum K is fixed and the power is trans- 
mitted from the driving shaft P to the driven shaft Q by the driving 
wheel E, through the wheels K, H, J, F, G, D and C, and the carrier 
plate L. Drawing up the table in the usual fashion we have :— 


) zt 
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| FIXED | REvs. OF 
v K H G 
a a 
| CN, J Psst er) (fer) | 
G ("faa *7Joz) (?8/o7 X °8/a0) | —(??/an + °*/o7) (8/07 X °8/ 19) 0 
K 0 
REvs. OF 
Cc, N, J E 

2 + = "fy —_ 

C,N,J 0 — "fog — 8/9 
G — (7/3 -+??/62) Sez — *2/53— 72/67 — (7*/og-+ 27) (?5/o7) 
K — *log—*? loz — (7*/og-+7*}o2) (**/e2) 

— (*?/oa+**/o2) (9/7 X 8/20) 
Revs. OF 
F D | I 

ae re 0 

CN,J | (?*/o3+*?/o7) (7/22) 1 — Jey — ler 
G — ley — (?®/os t+? lar) (?8/e7) » 
K — ler — (?8/oa+7?/67) (?°/02) 

— (?*fog+7?/62) (?8/o7 X °°/20) 


The first three lines of the table are obtained as for the second 
gear. In this way the revs. of J are —(2?/y, + 2/,,) 8)... But H 
gears with J and the revs. of H will be in the same direction as those 
of J and *8/,, of their value. Hence the revs. of H will be 
—(?"/og + 27/67) (73/67 x 58/19). Again, H gears with K and the revs. 
of K will be opposite in direction to those of H and 19/y, of their 
value. Hence the revs. of K will be + (2%/y5 +2%/g) (23/5 x 58/15 
x 19/09) = (72/93 + 22/62) (23/g7 x °8/o9). The fourth and last line of 
the table is obtained by fixing K and subtracting its revs., viz., 
(2/93 + 27/62) (23/62 x °8/o9) from each item in the third line. Note 
that only those values essential to the calculation of the velocity 
ratio of the train have been entered in the fourth line. 
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Then velocity ratio of gear 
Revs. of follower L 
Revs. of driver E 

—"?Te2— (77/05 + ?*/o7) “Fler — (7/2 
— "Jog — "Jon — (7°/03 + *?/ 67) “8/67 —( 

Og leg la Xe) — (7°/o3 + ??/62) (78/67 °8/20) 
=? Jog — 8g — 27/97 — (77/67 X ?3/g7) —(7°/05 + ??/62) (78/67 X *8/e0) 

— "log 22 /o5 — * fez — (7%/o5 + *7/o7) 29 
—(?®/o3 x 87/93) —?*Jo3—??/o3—?*/g7— (77/05 + °?/67) 2-9 
(4:9 x **/93) + (3-9 x ne 67) 


(22/5 x ©Joq) + (4:9 x 22/o5) + (BO x 2%or) 


468 + 1-28 

~ 9.79 + 4-68 + 1-28 
596 1 
~ 8-75 1-46 


Top Gear. 


The cone keyed to the shaft P is engaged with the third speed 
brake drum K and the whole gear runs “solid,” so that the speed 
of the driven shaft Q is the same as that of the driving shaft P, 
giving a velocity ratio of 1:1. 


Neutral Position. 


In this position the cone is disengaged and all brake drums are 
free. The resistance between the tyres and the road and the oil 
resistance in the transmission act as a brake on the driven shaft Q 
and prevent it from turning, the driving shaft P simply running 
idle. 

By the courtesy of E.N.V. Engineering Co., Ltd., the author is 
able to reproduce in Fig. 15 a running gear assembly of this gearbox 
as fitted on pleasure-car models. 


The Differential Gear. 


No paper on epicyclic gearing would be complete without a 
reference to this all-important application. Fig. 16 shows the 
essential parts of a differential gear. A and C are equal bevel 
wheels keyed to independent shafts. B and B! are bevel planet 
pinions. D is the “arm” consisting of a box free to turn concentric 
with the bevel wheels A and C and having a diametral spindle on 
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which the bevel pinions B and B! turn freely. In drawing up the 
table for this gear, view the gear in the direction of the arrow and 
let the letter indicating the wheel denote the number of teeth in it. 
Again, since A and C are equal, both wheels may be denoted by the 


ieee a B and B? are equal, both wheels may be denoted 


SSG nn ER PLL 


SS 


MMLLLIL| 
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FIXED Revs. - 

4 A B BY Cc D 

D — = 4 —- _ 

B a i 0 1+ 1 oe oi je 

Bi a —1-1 0 so ai =A 

¢ Jesse hae] & 28 

All Free Bobs —l+-* 14+ * cs Bask a | x 


The first line of the table is obtained by fixing the box D and 
giving the pinion B! one positive revolution. The second line is 
obtained by fixing B and subtracting its revs. (—1) from all the 
other items in the first line. The third, fourth and fifth lines are 
obtained in a similar fashion by fixing B1, C and A in turn. The 
last line is obtained from the first line by freeing the box D, giving 
it x revs. and adding x to each of the items in the first line. Note 
that in every line the revolutions of the bax D are the mean of those 
of the shafts A and C and that the direction of rotation of D is that 
of the faster running shaft. 


There are many practical applications of this gear, of which 
the following are typical :— 


(2) As Differential Gear for Motor Car Rear Axle. 


Fig. 17 shows the usual type of rear axle drive for a motor car. 
In this case the box D takes the form of a bevel wheel E driven 
by the transmission shaft through the bevel pinion F. E runs freely 
on the shaft S. The shafts S and T forming the rear axle are con- 
nected to the bevel wheels A and C. The bevel wheel E carries 
two brackets fitted with pins on which the bevel pinions B and B? 
run freely. When the car is running in a straight path the speeds 
of the shafts S and T are equal, the planet pinions B and B? do not 
revolve and the gear runs “‘solid.” The speeds of the shafts S and 
T are then the speed of the bevel wheel E. When rounding a curve, 
however, the speed of the outer shaft must be greater than the speed 
of the inner if no slip between the wheel and the road is to occur. 
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Fig. 17. 


The gear permits this by a rotation of the bevel pinions B and B?. 
The mean speed of the shafts S and T, however, is still that of the 
“box’’ or bevel wheel E. 


(v) As Differential Speed Indicator for a Twin-Screw Ship. 


In this case the bevel wheels A and C are driven in opposite 
directions by the port and starboard engines respectively and the 
box D carries a pointer moving over a dial. This pointer rotates 
in the direction of the faster-running engine at one-half of the 
difference of the speed. For example, if the port engine is running 
at 104 R.p.M. and the starboard engine at 100 R.P.M., the pointer will 
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104 —100 


move at R.P.M., 2.€., at 2 R.P.M. in a direction corres- 


2 
ponding to the port engine. 
(c) As a Reversing Gear for Small Engines used on Motor Boats, etc. 


In this case the differential gear is used in conjunction with a 
band brake and cone clutch, as shown in Fig. 18. The box D can 
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be (1) clamped to the driven shaft by means of the cone clutch, or 
(2) held fixed by a band brake wrapping round the outside of the 
box. There are three positions of this gear :— 


(1) Newtval—tThe clutch and brake are both free. The resis- 
tance keeps the propeller shaft from turning and the 
engine runs idle, driving the box at half speed. 

(2) Ahead.—Clutch engaged, brake free. The box is now 
clamped to the propeller shaft and the whole gear runs 
“solid” at engine speed. 

(3) Astern.—Clutch free, brake engaged. The box is now fixed 
and the propeller shaft runs at engine speed but in the 
opposite direction. 

Note that in each of the three positions the speed of the box 

D is the mean of the speeds of the wheels A and C. 


Conclusion. 


The examples given of the applications of epicyclic gearing in 
practice will give readers some idea of the relative importance and 
utility of this type of gearing and it is hoped that a detailed study 
of this pamphlet will enable engineers to view the subject in its 
proper perspective and dispel, once and for all, the prevailing idea 
that an epicyclic job is one to be approached in fear and trembling. 
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